Introduction
Approximately 35.3 million people were estimated to be HIV infected by 2012 [1] . Increased Anti-Retroviral Therapy (ART) coverage led to the decline in morbidity and mortality related to HIV and its associated opportunistic infections [2] [3] [4] . Reports showed a global decline in HIV epidemics among general populations [5] . Despite these successes, variation in HIV testing uptake across the regions exists [6] . For example in 2010, in Burundi, Tanzania and Rwanda, HIV testing uptake among men and women was 37%, 55% and 75% respectively [7] , suggesting that the context in which the person lives may have an influence on HIV testing uptake.
HIV counselling and testing (HTC) is an integral component of HIV preventive strategies. Studies using mathematical models revealed that about 50 percent of the new HIV infections are from HIV infected persons unaware of their HIV status, making it difficult combating the infection [8] . While early diagnosis and treatment is associated with good treatment outcomes [7] , delayed diagnosis and treatment increases disease burden and represents missed opportunity for prevention [9, 10] . Knowing one's HIV status may influence change in personal behavior, a critical piece in HIV preventive efforts [11, 12] . Individuals tested positive for HIV are likely to be linked to HIV care and treatment. Among the benefits of linking patients in HTC includes reduction of mother to child transmission, preventing uninfected partners, improving quality of life, reducing morbidity and mortality related to opportunistic infections and reduction in the frequency of hospitalizations [13] . High cost associated with the management of HIV infected patients underscores the importance of addressing HIV preventive efforts [14] . The concept of test and treat has been explored and it was documented that receiving HIV treatment was associated with 96% reduction in the new infections among sero-discordant couples; these findings highlight the need to increase HIV testing uptake and treatment [15] . Furthermore, one of the prevailing concepts of HIV prevention effort is through increasing the number of patients being tested and treated. Increasing those receiving ART in the population reduces community viral load (CVL). The idea behind reducing CVL is that as the number of individuals being tested and receive ART increases, greater numbers of HIV-infected persons will be virologically suppressed, leading to
ISSN: 2474-3658
reduced CVL, and consequently, reduced incidence of HIV infection in the general population [16] .
Tanzania is one of the sub-Saharan countries heavily affected by the HIV epidemic. According to the HIV/AIDS and Malaria Indicator survey 2007-08, the HIV prevalence was reported to decline from 7.0% in 2004 to 5.8% in 2008. Decreases were greatest among men in the urban areas but the overall change in HIV prevalence was not statistically significant [17] . A more recent survey 2011-12indicated an overall decline in the national HIV prevalence from 5.8% in 2007-08 survey to 5.1% though this decline was also not statistically significant [18] . Despite the success in the decline of HIV prevalence by the year 2012, only 62% and 47% women and men aged 15-49 years respectively have ever tested for HIV and received their results, leaving a large proportion of persons unaware of their HIV status [19] . Higher levels of HIV testing uptake are needed in a test and treat models if reduction in HIV incidence is to be realized [20] [21] [22] .
The principal focus of this paper is among young women at high risk of HIV acquisition in Tanzania. While previous surveys indicated a consistent decline in HIV prevalence among boys aged 15 -24 years, the decline is notable among girls aged 15 -19 but not among women aged 20 -24 years [19] . Among other factors, difference in HIV prevalence in this subgroup of the population could be attributed by early age at sexual debut and early marriages among young women compared to young men. Early age at sexual debut was also noted to be associated with increased risk of HIV infection among young women in Kenya [23] . It is particularly critical for young women at the debut of their sexual and reproductive lives to have access to information about their HIV status through routine HIV testing.
The Tanzanian Government in collaboration with international donors have significantly expanded and decentralized centers for HIV testing care and treatment. Since 2004 to 2007 Tanzania made changes in national HIV/AIDS policy to increase availability and access to care and treatment services, meanwhile building capacity of health care workers [17] . In 2004, the government started to provide care and treatment services such as free anti-retroviral drugs (ARVs). In 2007, the government rolled out the care and treatment services closer to the community (health centres and dispensaries). During the same year, a new approach Provider Initiated Testing and Counseling (PITC) was adopted to complement with voluntary counseling and testing approach to allow more people who come into contact with health care providers to be offered HIV testing to determine their HIV sero-status. In addition, the national HIV counseling and testing campaign was launched in 2007 by the president of Tanzania as an effort to mobilize more people to undergo HIV testing to determine their HIV sero-status and to establish linkages between prevention, care, treatment, social support. Furthermore, in 2008 Tanzania established a law against stigma and discrimination for people living with HIV/AIDS (PLWHA) to intensify community actions [17] .
Despite all these extensive efforts, HIV testing uptake in young women is relatively low. Understanding factors associated with HIV testing uptake in this population is critical. Realizing potential benefits of HIV testing, first, we explored trend in HIV testing uptake among young women (15 -24) 
Methods

Study design and population
We used a cross-sectional study design to evaluate trends in HIV testing uptake and factors associated with the changes in HIV testing uptake among young women 15 -24 years from Tanzanian Mainland using THIS and THMIS data. 
Selection of the study participants and data sources
The study population was restricted to young women (15 -24) years as this group is considered as one of the potentially high risk for HIV infection. After exclusion of those ineligibles, the final sample size was 9,252 subjects from three successive surveys ( Figure 1 ).
Data collection
During the original surveys, after obtaining informed consent, standardized questionnaires designed based on AIDS and Malaria indicator surveys were administered to participating individuals. The questionnaires were developed in English and translated into Kiswahili. Among other things, questionnaires captured information on socio-demographic characteristics (age, gender, marital status, education, residence, religion, employment, asset ownership); biological (ever had STI in the last 12 months, received HIV test results) and antenatal care for recent births.
Variables and definitions
The outcome variable is the proportion of young women who report that they were tested for HIV and received test results within two years preceding the surveys.
The independent variables explored in this study are summarized in table 1. These include the following: Socio-demographic variables: Participants' age (15 -19, 20 -24) , place of residence (rural, urban), administrative zones (Central, Lake, Northern, Eastern, Western, South West Highlands Southern Highlands, and Southern), and employment status (employed, not employed), number of sexual life partners (0, 1, 2 and >2). Those with missing value on number of sexual life partners were assumed >2).
Zones were used rather than administrative regions in order to have consistency across the surveys. Between 2003 and 2012, some of the regions were split to form new districts and regions thus the 2011-12 survey has more administrative regions than the 2003-04 survey. All the regions however (new and old) belong to the same zones and the geographical coverage of the zones has remained consistent throughout the surveys. Composition of the administrative regions in their respective zones is follows; Eastern (Morogoro, Dar essalaam), Northern (Kilimanjaro, Tanga, Arusha), Lake (Mwanza, Geita, Mara, Simiyu, Shinyanga), Central (Dodoma, ManyaraSingida), Western (Kigoma, Tabora), South-west highlands (Katavi, Rukwa, Mbeya), Southern highland (Iringa, Njombe, Ruvuma) and Southern (Lindi, Mtwara).
Biological variables: reported having had an STI in the last 12 months or not. The three consecutive surveys asked respondents who had ever had sex whether they had had a disease that they got through sexual contact in the past 12 months preceding the surveys. They were also asked whether, in the past 12 months, they had had any genital discharge and whether they had experienced a genital sore or ulcer. For this paper we chose to report whether participant ever had STI or not.
Birth and Antenatal clinic visit in the past two years preceding the surveys. Women who had a birth in the two years prior to the survey were asked whether they received any antenatal care (any number of visits) from any provider for their most recent birth. Respondents were grouped accordingly; those who did not give birth in the past two years, those who gave birth and received any ANC, those who gave birth but did not attend any ANC.
HIV testing
Three dry blood spot (DBS) specimen were collected for each participant and sent to Muhimbili University of Health and Allied Sciences (MUHAS) laboratory for testing. Standard HIV testing algorithm was used across the surveys. The algorithm used two HIV enzyme-linked immunosorbent assays (ELISA) based on different antigens. Discordant samples from the two ELISA tests were retested using the same ELISA tests. All discordant samples from the second round of HIV testing were retested using western blot confirmatory test, the result of which was considered final. Internal and external quality assurance and quality control (QA & QC) were done with external assurance using external reference laboratory.
Statistical analysis
Statistical analyses were conducted using STATA version 12. To evaluate trend in HIV testing uptake across three consecutive surveys, descriptive analyses of HIV testing stratified by selected variables was Because each survey sampled a different group of people, change in HIV testing uptake between the three surveys can be attributed to the change in the distribution of selected characteristics (compositional changes or endowments) as well as the change in the effects of the selected characteristics (effects changes or differences in coefficients). Multivariate decomposition models, which are used for portioning changes over time into components attributable to changing effects and changing composition or characteristics, were used to determine factors associated with changes in HIV testing uptakes across the survey periods. The difference observed in HIV testing uptake was decomposed into components attributable to differences in characteristics between surveys (i.e., compositional differences or endowment) and group differences in effects of characteristics (i.e., differences in coefficients or behavioral responses). For example, change in HIV testing can be due to differences in distribution of employment status as well as due to the effects of employment between surveys. All analyses performed in this paper were weighted for probability sampling and non-response using factor as is standard in all surveys that are part of the DHS Program. Because we restricted our outcome to respondents who had HIV serostatus results, we used HIV weight. All associations were deemed statistically significant at cut off p-value of 0.05. Complex sampling (multi-stage sampling and stratification) and 95% confidence intervals were considered and SVY-STATA command was used to control for complex sampling.
Ethical consideration
THIS and THMIS received approval by the Tanzania National Institute of Medical Research (NIMR), the Institutional Review Board (IRB) of ICF International, and the Center for Disease Control (CDC). All adult respondents gave informed consent. As part of DHS fellowship, authors submitted a proposal to DHS Program/ICF International and permission was granted to download and use the data for this study. The DHS Program authorized data access; and the data was used solely for the purpose of the current study. Figure 2 depicts trends in the uptake for HIV testing and receiving results in 2 years preceding the survey for three consecutive 
Results
Trends in HIV testing uptake
Characteristics of the study participants
The sociodemographic characteristics of the study participants have been shown in table 1. In all the three surveys, participants aged 15-19 years out numbered participants aged 20-24 years, and over 65% were living in rural areas. The majority of the participants had primary education (71. 
Changes in HIV testing in relation to participants characteristics
Change in HIV testing uptake in relation to participant's characteristics is summarized in table 2. In order to assess change in HIV testing uptake, analysis of HIV testing was divided into two Within the surveys, the change in HIV testing uptake was higher among those who were married compared to those who were not married and it was also higher among those who were HIV positive compared to those who were HIV negative. Compared to women who had no birth within two years preceding the surveys, the change in HIV testing was higher among those who had birth and attended ANC visit (45.8 Table 3 shows the results from the pooled logistic regression models for the factors associated with HIV testing uptake across the two survey phases (Phase 1 and Phase 2). Of the factors examined, factors that were found to be associated with women's likelihood to test for HIV and receive results included having an education (primary or secondary), ever being married, having had one or more life sexual partners, attendance to antenatal care within the 2 years preceding the survey. Having had an STI was also associated with HIV testing uptake, but the association was not statistically significant. would have resulted in a decline in overall HIV testing (-5.26%) in the absence of any changes of the effects of these characteristics on the likelihood of being tested. Changes in composition factors such as increased proportion of women residing in rural areas and decreased proportion of women with primary education would have contributed to decreased odds in HIV testing uptake among women in the absence of the effects of these characteristics. In addition, some compositional factors such as, increased in proportion of those ever married, having one or more lifetime sexual and attendance to antenatal care within 2 years preceding the survey, were significantly associated with changes in HIV testing uptake (Table 4a ). Our findings also revealed that 105.26% of the changes in HIV testing uptake in 2003-04 vs 2007-08 surveys was due to differences in the effects of compositional factors (coefficients).
Factors associated with HIV testing uptake across the surveys
In the 2007-08 vs. 2011-12 surveys, the changes in endowments contributed to 22.1% of the changes in HIV testing uptake, where as 77.9% of the changes in HIV testing uptake was attributed to differences in the effects of characteristics (coefficients). Both endowments and coefficients were statistically significant in both multivariate decomposition models. Increased education level of women (having any level of education vs. having none) made it much more likely for them to test. The increase in women with primary education should have made it more likely for women to be tested regardless of any changes in effects.
In terms of coefficients, ANC attendance (43.5%) and age group 20 -24 years (35.3%) appear to have statistically significant contribution to the uptake of HIV testing. Despite having large contributions to the uptake of HIV testing based on coefficient, both rural residence (with a coefficient of 36.38%) and having primary education (with a coefficient of 13.6%), do not appear to have a statistically significant contribution toward the uptake of HIV testing.
Discussion
Trends in HIV testing uptake
The present study demonstrated a rapid increase in HIV testing uptake over the past eight years between the surveys. Nearly 40 percent of the included women in the 2011-12 survey had been tested for HIV and received test results, a proportion that is 7. 
Determinants of HIV testing uptake
Numerous factors were associated with HIV testing uptake. The odds of HIV testing uptake was higher among women with primary and secondary education or higher as compared to those without formal education. This finding is in agreement with a previous study conducted among Ghanaian women which showed that higher education was strongly correlated with HIV testing uptake [25] . The possible explanation for this could be that higher education attainment provides opportunities to clearly understand HIV infection.
Moreover, those with higher education are more likely to be employed and therefore have better access to VCT services than those without formal education as most VCT centers would charge clients up to around the year 2004.
Marital status also showed to be related to HIV testing uptake with women who were married being more likely to undergo HIV testing than those who were not married. Similar findings were documented by others where women who were not married were less likely to be tested for HIV [25, 26] . Higher odds of HIV testing uptake among married women in our study could be due to advocacy of faith based institutions on the importance of having HIV testing prior to marriage in Tanzania. Compared to women without sexual partners, the odds of HIV testing uptake were higher in those who had one or more life time sexual partners which is consistent with the previous findings from Tanzania [27] . Higher odds of HIV testing uptake among those who engaged in sexual practices may be due to the fear of being infected or infecting others as HIV infection in this region is predominantly transmitted sexually.
Attending ANC was also an important determinant for HIV testing in the current study. Women who had birth within two years preceding the surveys and attended ANC had increased odds of HIV testing as compared to those who did not have birth. No association of HIV testing uptake was noted among women who had birth and did not attend ANC. Increased uptake of HIV testing has been previously reported among Vietnamese women attending ANC [28] . As part of prevention of mother to child transmission of HIV, women are required to test in order to receive ART for prevention and also make decision on breast feeding for newborn and family planning practices. This could explain the higher HIV testing uptake amongst women who attended ANC. Analysis showed a significant difference in HIV testing uptake in relation to participant STI status. Having an STI or symptoms of an STI was associated with increased odds of HIV testing compared to those who did not have. Association between STI and HIV testing uptake has also been reported previously [29] . STIs are one of the risk factors for HIV infection acquisition and are often transmitted along with HIV. Individuals attending STI clinics are thus more likely to be counselled and eventually tested for HIV, which could explain higher odds of HIV testing uptake among this group.
This study also revealed that HIV testing uptake changes with age. Women aged 20 -24 years had increased odds of HIV testing uptake compared to those who were 15 -19 years. Older age has been reported to be associated with an increased likelihood of being tested for HIV [30] . This could be due to the fact that older women are more likely to be sexually active, more likely to be married and economically empowered than younger ones.
In addition, women who lived in urban areas were more likely to test for HIV than those who lived in rural areas. Those who live in urban areas have greater access to VCT services than those who live in rural areas and this may explain higher odds of HIV testing uptake among those in urban areas. We also found zonal variations in HIV testing uptake across the surveys. This could be explained by the regional variation in HIV testing across the countries due to differences in availability of VCT services between zones.
Decomposition of the changes of HIV testing uptake
Decomposition analyses discerned the sources in the changes of HIV testing uptake. Changes in the composition of the population with different levels of education, attending ANC visits and place of residence contributed to observable changes in HIV testing uptake. For example during the first phase a decrease in the proportion of women with primary education or an increase in the proportion of women residing in rural areas would have resulted in a decrease in HIV testing uptake in the absence of the effects of these compositional characteristics. Although changes in the population composition contributed to the change in the increase in HIV testing uptake, most of the HIV testing uptake was due to the changes in the effects of the population characteristics. For example, attending ANC visit significantly contributed to the changes in HIV testing uptake in both first and second phases.
Strengths and limitations of the study
Unlike the standard logistic regression-based approaches that rely on individual level observational data, multivariate regression decomposition in HIV testing provides opportunity for detailed explanations for the differences in the changes in HIV testing across the surveys. We were also not able to assess the true effect of HIV interventions performed across the survey periods which also might have influenced the observed changes in HIV testing.
Conclusions
The uptake of HIV testing has remarkably increased over the three surveys. The differences in HIV testing uptake across surveys is to a large extent explained by the differences in coefficients with attending ANC visit, place of residence and having primary education or higher playing major role. Knowing one's HIV status is the gateway to HIV treatment and prevention however the expansion in HIV testing has been greater among women with high risk characteristics, and thus has become more targeted. Until testing is universal, an effective expansion strategy would be to prioritize those most likely to be infected.
